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Abstract 
The Edinburgh Glasgow Improvement Programme (EGIP) is a major part of railway investment in 
Scotland to electrify the main line between the two cities, increase travel capacity and reduce journey 
times.  This paper focusses on the design and construction of a number of components within EGIP, 
including bridge reconstructions, platform extensions, and changes to existing tunnels. 
Given the limited records and information on most of the existing structures, extensive ground 
investigations (GI) have been completed to facilitate the design.  In most cases a comparison between 
the effects of the proposed changes and the existing configuration has been undertaken, based on the 
interpretation of the findings of the intrusive investigation and record drawings, as well as the proposed 
and existing loadings.  As the structures, particularly the bridges, are generally not compliant with 
current standards, the design approach was based on the principle that the new arrangement will not 
have a significant detrimental effect on existing stability.  This methodology has been confirmed and 
accepted by Network Rail as Asset Owner. 
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1 Introduction 
The upgrade and improvement of existing railway lines across the UK has been and still is a priority 
of the existing administration as they serve circa 4 million passengers per day and carrying 50 per cent 
more passengers than they did 10 years ago.  In Scotland, the latest figures estimate a total investment 
of around £1bn of enhancements between 2014 and 2019 which includes the Edinburgh Glasgow 
Improvement Programme (EGIP) and the Borders Railway project which has reconnected the Scottish 
Borders to Edinburgh for the first time in 50 years. 
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EGIP comprises a series of improvements and upgrades to key infrastructure as well as the 
electrification of the Scottish rail network main line between Edinburgh and Glasgow.  The £742m 
scheme is being delivered in an Alliance between Network Rail,  Costain and Morgan Sindall as 
main Contractors, with Jacobs UK Ltd. acting as the main Civil Works Designer for the scheme; and is 
intended to reduce journey times and increase passenger capacity along this main route (Network Rail, 
2014). 
These outputs are to be primarily achieved through electrification, the introduction of longer train 
formations (seven car formations will operate during peak periods), and the extension of intermediate 
station platforms to accommodate longer trains. End to end journey times are expected to be 
progressively reduced from the current fastest journey time of 50 minutes to 42 minutes on completion 
of EGIP and of the electrification of other routes that connect with the corridor when 8 car trains will 
also be able to operate (Office of Rail and Road, 2014). 
This paper focusses on the geotechnical design and construction of a number of key elements within 
EGIP, including bridge reconstructions, platform extensions, and changes to existing tunnels, which 
have been required to successfully achieve the scheme’s goals. 
2 Environmental Considerations and Design Methodology 
A Strategic Environmental Assessment (Transport Scotland, 2014) was undertaken for the scheme, 
in which it was found that the electrification of the line would likely have a significant positive effect in 
reducing greenhouse gas emissions.  The works could also provide benefits by improving public access 
to more sustainable modes of transport and encouraging a modal shift from road transport to rail.  
Consequently, this could help reduce road transport related emissions and benefit population and human 
health through improved air quality. 
Furthermore, in order to minimise any negative impact  that the proposed electrification could have 
on biodiversity, as well as from a suitability point of view, the design tried to accommodate and re- use 
existing structures as opposed to rendering the existing infrastructure completely obsolete. However, 
given the limited records and information available on the existing structures, the design concept, in 
many instances, aimed to quantify the change between the existing and proposed configurations to prove 
that the latter would not have a detrimental effect on the structures’ safety and behaviour. 
The first stage of the design process was to assess the current stability based on the interpretation of 
the findings of the intrusive investigation and available record drawings, as well as the estimate 
of existing loadings. This exercise often led to the conclusion that most of the existing assets 
are generally not compliant with current standards, particularly existing bridges, which resulted in 
the design approach for the proposed works to be based on the principle that the new arrangement 
would not have an unacceptable detrimental effect on the existing structures. This methodology was 
confirmed and accepted by Network Rail as Asset Owner. 
As a result, the detailed design ensured no fundamental changes would occur in the foundation 
loading regime from that which has been applied by the existing structures or, where there is a change, 
it was demonstrated to be insignificant (less than 10%).  Overall, all the components of the scheme 
referred to in this paper were categorised as Category 2 in accordance with BS EN1997-1 (2010), as no 
exceptional risk of failure and no exceptional ground or load conditions were identified. 
Lastly, restrictions and limitations to construction methods and sequence, particular due to the fact 
that the majority of the work had to be undertaken from within train corridors and during possessions 
on live lines, were incorporated in the design and discussed between all parties involved. 
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3 Ground Investigations 
Given the limited records and information available on most of the existing Network Rail assets 
affected by the improvements, extensive ground investigations (GI) were undertaken to facilitate the 
design. These were completed in a phased approach, as the design progressed and evolved, and 
targeted the existing ground and groundwater conditions at each site, from both geotechnical and geo-
environmental perspectives, to enable the assessment of the relevant soil and/or rock strength 
parameters, the creation of conceptual ground models and identification of contamination of the 
underlying soil and groundwater. 
The geometry and construction of the existing masonry bridge abutments, retaining walls and tunnel 
lining were also extensively investigated.  This information was as crucial to the design as understanding 
the ground conditions, especially as the whole project deals, in essence, with the upgrade of existing 
structures rather than opting for a demolish and re-build approach. Furthermore, several GIs also 
focussed on assessing the risk presented by the potential presence of shallow mineworkings.  Where 
these were found to be a potential risk for the proposed development, proof or remedial grouting 
exercises were designed as a mitigation measure. 
In the case of the two tunnels, GI was carried out from within the tunnels to provide information of 
the tunnel lining construction and obtain appropriate rock strength and durability parameters for use 
in the design of the works.  Investigation was also carried out from surface at Winchburgh Tunnel 
to establish ground and groundwater conditions in the vicinity of the tunnel and along its alignment.  
This was not feasible for Queen Street tunnel due to its urban setting and dense layout of overlying 
infrastructure.  The GI information was also used to model the possible effects the proposed works 
might have on the existing tunnel structure to enable suitable controls to be implemented in the design 
and allow the development of a suitable monitoring strategy during construction. 
4 Design and Construction 
The whole project can be mainly categorised into three different types of structures and design: 
 
x Bridges Reconstruction: seven road bridges and one aqueduct had to be partly or fully 
reconstructed.  The alterations were mainly driven by the need to raise bridge deck levels, so as to 
provide the minimum vertical clearance for the Overhead Line Electrification (OLE) equipment. 
x Stations Improvements: four intermediate stations, in addition to the main Waverly and Queen 
Street stations, had a significant amount of platform extensions design and station layout 
improvements.  
x Tunnel Improvements: both Winchburgh and Queen Street tunnels were/are to be refurbished 
and/or improved; this included the removal and replacement of existing railway lines and ballast 
with precast concrete track slabs, new drainage and fitting of OLE. 
 
The design and construction of each of the above elements is briefly discussed throughout the 
subsequent sections of this paper with a few site specific examples in relation to technical challenges 
and how they were tackled within the rail environment. 
5 Bridges Reconstruction 
Seven road bridges underwent re-decking, the majority of which were single span bridges with steel 
girder flat decks and masonry abutments.  The exceptions to this were Greenhill Road Bridge 
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(OB081/055) and Philpstoun Bridge (OB070/030), the latter consisting of a single span masonry arch 
bridge. OB081/055 comprised a two span bridge with a masonry central pier - spans 1 and 2 consisted 
of a masonry arch deck and a steel girder flat deck with masonry abutments, respectively. 
Swineburn Aqueduct needed to be replaced offline with a new structure to carry an existing water 
course over the railway cutting approx. 700m west of Winchburgh Junction. 
The analysis of the existing arrangement for all road bridges found them to be not compliant with 
current standards, although all except one appeared to be in a structurally sound condition. However, 
upgrading the existing structures to become Eurocode compliant would require excessive changes. 
The most cost effective and environmentally friendly way of dealing with the issue, given that these 
bridges have been performing well over the last decades and that no increase in traffic was proposed, 
was to accept that to reduce the environmental footprint of the works, the proposed works only needed 
to demonstrate that they will not significantly change the existing stability state. 
To achieve this, a number of technical challenges had to be overcome depending on the form of the 
original deck. The required increase in vertical clearance resulted in rises in road levels behind the 
abutments and wingwalls in the order of 300 to 1000mm, which would lead to increases in the earth 
pressures behind them and exacerbate eccentricities at formation level. The bridges were generally 
fitted with fixed bearings on both sides so that traffic horizontal actions could be shared between 
abutments. This decision, not only enabled the bridges to behave similarly to their original 
configuration, but most importantly avoided overloading the abutments. 
The following subsections illustrate some of the designs to provide a more sustainable solution. 
5.1 Proposed Deck Heavier than Existing 
In the cases where the proposed bridge deck was heavier than the existing by 50% to 100%), the 
adopted solution was to limit any increase in bearing pressure to 10% of that existing. This was primarily 
achieved by widening the span of the new bridges (so as to increase the horizontal lever arm of the 
dead and live loading in relation to the toe of the abutments) and by partially replacing the 
abutments’ backfill with no-fines concrete. Both methods led to improvements in the eccentricity at the 
abutments’ formation level, as illustrated in Figure 1 below. 
 
Figure 1 Proposed deck heavier than existing 
In these cases, lateral stability was not an issue, with the new deck ensuring improved margins of 
safety. 
5.2 Proposed Deck Lighter than Existing 
This case applied to the masonry arch bridges (Philpstoun and Greenhill Span 1) due to the volume 
of masonry (from deck down to springer level) required to be demolished and replaced by a simply 
Geotechnical Design and Construction of Improvements to Existing Railway Lines Neves et al.
1387
  
supported flat deck. Another challenge with these bridges was the loss of the arch thrust effect which 
provided lateral support to both opposite abutments. 
These challenges were tackled by designing a replacement for the lost lateral thrust support for 
Philpstoun Bridge. The initial design was to install grouted ground anchors to provide lateral support to 
the abutments once the arch is removed, but this solution was deemed to be prohibitively expensive due 
to the number of railway possessions required to install the anchors. Therefore, an alternative solution 
was adopted which aimed to provide the required lateral resistance with construction undertaken in an 
high street environment. This consisted of establishing a structural connection between the existing 
wingwalls and abutments via a concrete slab, as shown in Figure 2. This solution mobilises the resistance 
provided by the wingwall mass and integrates the abutments with the wingwalls which will provide the 
required lateral resistance to replace the lost arch thrust. 
 
Figure 2 Philpstoun bridge reconstruction 
In a different location, at Greenhill Bridge’s south abutment, and due to constructability reasons, the 
solution found was to simply reduce the soil lateral pressure behind the new abutment (replacing part 
of its backfill with no fines concrete) and ensure the horizontal traffic loads were accommodated by its 
central pier. As for the latter, in order to allow it to withstand this horizontal force, the central pier was 
entirely rebuilt from springer level. This was achieved by re-designing Span 1 and 2 abutments, as 
well as the two wingwalls in between, and converting it into one common central pier as shown on 
Figure3. The vertical stability was not an issue due to the reduction in weight of the decks between 
original and proposed. 
 
Figure 3 Greenhill bridge span 1 reconstruction 
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6 Linlithgow Station 
6.1 Site Description and Proposed Works 
Linlithgow Station is located along the main line between Glasgow and Edinburgh, within the centre 
of Linlithgow. Both Platforms 1 and 2 are to undergo extensions, but due to existing constraints, this 
resulted in three distinct areas of extension: Platform 1 East and West, and Platform 2. 
Given the fact this station was originally built on top of a narrow embankment supported by 
retaining walls, a very limited area was available to accommodate the proposed layout. As a result, 
the design solutions had to be compatible with the use of light machinery and/or equipment that can 
be taken on and off site along the track. 
Ground conditions across the site varied significantly, with rockhead reported from around 5m to 
10m below ground level (bgl) at Platform 1 East and Platform 2, and in excess of 16m bgl at Platform 1 
West. 
6.2 Design of Platform 1 East 
Platform 1 is to undergo extensions in the order of 30m to its western end and 10m to its eastern 
end, supported on crosswalls with piled foundations. The proposed platform extension on the eastern 
side of Platform 1 meant that the new structure would be constructed in close proximity to an existing  
retaining wall for which limited information was available. This masonry wall supports the railway 
embankment above High Port Road and is reinforced with ground anchors. As built records of the 
orientation and length of each ground anchor were not available, so their inclination was estimated to 
be approximately 26° to 30° based on measurements of the anchors at the face plates. 
Two different piling solutions were considered for this extension at design stage. One option is to 
form the piles by drilling through the made ground deposits and driving them into the glacial till 
below. However, this method may result in higher vibration levels during installation and can 
potentially lead the piles to refuse at insufficient depths. The alternative is to drill through both made 
ground and glacial till deposits until the desired depth and grouting the pile thereafter. This will lead 
to longer piles due to the reduction in the mobilized skin friction. 
A trialing and testing exercise was recommended to be carried out in advance of the main works, 
involving the installation and load testing of preliminary piles for both solutions in order to determine 
the most suitable method of piling and optimise the design. 
Regardless of the piling method adopted, the piles which are to be constructed within the area of the 
existing ground anchors are to be debonded or sleeved over the anchors’ potential zone of influence. 
Also, if a ground anchor is damaged during construction it shall be replaced. 
7 Winchburgh Tunnel 
Winchburgh Tunnel is located along the main line between Glasgow and Edinburgh, and according 
to the Tunnel Management Strategy (TMS) report, it was constructed prior to 1842. No details of the 
excavation techniques used to form the tunnel are available and the TMS indicates that a short length 
of the tunnel collapsed in 1890, which closed the tunnel for repair, albeit the location of the collapse 
was not identified. 
The proposed works included replacing two 470m sections of track and ballast with a slab track 
system as well as fully refurbishing and electrifying the tunnel. 
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7.1 Design 
The geotechnical design of the new track slab system was primarily based on the findings of the 
intrusive investigation and the outcome of the hydrogeological modelling. However, the design itself 
was dependent on the rock properties at formation level which, according to the external GI 
undertaken varies between weak mudstone and very strong dolerite. As such, the final design was 
only confirmed on-site based on formation inspections (Figure 4a). 
 
Figure 4 (a) View of formation level of one of the track slabs prior to formation preparation and rock dowel 
installation; (b) View of Winchburgh’s eastern portal with the new track slab system in one line prior to 
grout bonding. 
7.2 Track Slab 
The proposed track slab system comprised pre-fabricated PORR units grout bonded to a base slab 
that was cast directly against the rock in the tunnel invert. Given the magnitude of the train horizontal 
actions, the system was checked against both sliding and bearing capacity, considering combinations 
of both minimum and maximum vertical train loadings and track slab self-weight as appropriate. 
Variability in the latter was related to the depth of rock to be excavated and replaced with concrete along 
the development of the tunnel. 
The excavation stability within the tunnel was considered to be a potential issue due to the limited 
embedment depth of the lining footings along significant lengths of the tunnel in relation to the existing 
tunnel invert depth, even before any rock was excavated. To prevent overbreak of the rock too close to 
the existing footings and minimize disturbance, saw cutting was proposed along the excavation line. 
Stability of the tunnel lining in conjunction with the proposed track slab excavation and construction 
sequence was also modelled.  A minimum unconfined compressive strength of 3MPa was specified in 
the design, which also took into account a maximum allowance of 25% for soft spots below the slab for 
every 5m length. Assessment of the rock mass quality during construction was carried out using the 
Rock Mass Rating system. 
7.3 Construction 
Prior to the construction at Winchburgh Tunnel, monitoring instrumentation was installed in the 
tunnel to gather baseline information whilst trains were still running. The baseline information was used 
to inform the tunnel monitoring strategy and monitor movements of the tunnel lining during the invert 
lowering and construction works.  Construction works at Winchburgh Tunnel were carried out during 
a 42 day line closure. Construction of the track slab was carried out one line at a time, allowing the 
remaining line to be used for construction plant and train access. 
Track and sleepers where initially removed followed by excavation of the ballast to expose rock at 
the tunnel invert. Removal of the ballast generally exposed the tunnel sidewall lining footings, 
allowing inspection and assessment of the possible negative effect invert lowering might have on the 
footing stability. Emergency strutting was available should untoward movement in the footing be 
detected at any point during the works, although the excavation stage was considered the period of 
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highest risk. Rock bolting of the footings was allowed for should footing reinforcement be deemed 
necessary, although the design included excavation controls to minimise the risk of the excavation 
undermining the footings.  Once the proposed formation level was achieved, acceptability was assessed 
by the Designer’s engineering geologist. Rock dowels were installed in the invert and the concrete base 
transfer slab cast in situ. Finally the prefabricated PORR units were installed and grout bonded to the 
base transfer slab (Figure 4b). 
Water ingress into the tunnel was a significant problem throughout the construction works requiring 
continual dewatering along the tunnel to enable formation preparation and inspection. A cutoff drain 
was excavated at the northern end of the tunnel to reduce water ingress into the excavation from a nearby 
flooded clay pit. 
The new track slab system was successfully constructed at Winchburgh Tunnel and reopened to rail 
traffic at the end of the blockade. 
8 Conclusions 
This paper summarises the main engineering design aspects of EGIP and how sustainable 
development was achieved by maximizing the use of existing infrastructure rather than adopting a 
demolish and re construct approach.  Despite the existing structures not being compliant with current 
standards (particularly bridges); the design demonstrated marginal impact for the proposed development 
on the existing stability condition. This was achieved for the bridges via a combination of reducing the 
lateral earth pressure on abutments, optimising the bridge bearing locations, and structural alterations to 
wingwall/abutment interfaces. The design considered various methods to reduce the impact of the 
construction works on the railway through maximising high street environment construction. Also this 
paper demonstrates that new platforms can be safely designed in the immediate vicinity of existing 
platforms and walls with careful consideration for the stability of the latter. Also the construction 
techniques maximised the use of pre-fabricated material (PORR units in tunnels and concrete deck 
beams in bridges) to reduce construction duration and ensure minimum disruption to the local 
community. The Winchburgh tunnel design allowed for the spanning of soft spots to avoid the need for 
excavation and replacement in order to reduce the risk of programme slippage. 
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